Abstract Alanine aminotransferase (ALT) is the most common and cost effective screening test for asymptomatic liver disease. There is paucity of data on normal ALT among healthy individuals in India. An observational cross sectional study was conducted from January to July 2013 to estimate the upper limit of normal for ALT in healthy south Indian population. Adults undergoing voluntary or preemployment health screening were included. Those with current and past alcoholism or smoking, acute illness or hospitalization during preceding 12 months, non-steroidal anti-inflammatory or over the counter medication use within a month, current or past intake of herbal medications, any chronic medical illness, abnormal body mass index (BMI), fatty liver in ultrasound, abnormality in haemoglobin, platelet count, blood sugar, creatinine, lipid profile and thyroid function test and positive serology (Hepatitis B, C or HIV) were excluded. A total of 2600 subjects were screened. 344 were included for analysis. Mean age was 35 years in men and 34.83 years in women, with a mean BMI of 22.2 kg/m 2 in men and 21.8 kg/m 2 in women. The mean ALT in men and women were 21
Introduction
Serum alanine aminotransferase (ALT) is the most common and economical screening test for assessment of asymptomatic liver disease. Most laboratories in India mention the upper limit of normal for ALT as 30-40 IU/L. The decision to initiate antiviral treatment and the need for liver biopsies in chronic hepatitis B depend on the level of ALT [1, 2] . Serum ALT also plays an important role in the definition and management of anti-tuberculous drug induced liver injury [3] . American association for study of liver disease (AASLD) has mentioned the need to decrease upper limit of ALT to 30 IU/L in men and 19 IU/L in women based on an Italian study on young healthy population [1, 4] . The challenge in the study design addressing the query on normal ALT in healthy population is the robustness of the defined exclusion criteria. While the definition of healthy population has improved from papers published in 2006-2013, the fact that numerous factors can transiently alter ALT makes the exclusion list complex [5] [6] [7] [8] . These could include short duration inter current illness, few doses of over the counter medications (especially non-steroidal anti-inflammatory drugs, multivitamins and synthetic food supplements) and intake of alcohol \20 g per day. The most well designed study on the research question is by Lee and colleagues on a liver donor population, which had histologically normal liver. However, the mean age of participants was 27.2 years, which is not representative of the entire spectrum of adult population [5] . The present study aimed to estimate upper limit of normal for ALT in healthy population from south India incorporating all possible confounders of mild ALT elevations in the exclusion criteria, like alcohol even in small quantities, recent illness in an other wise healthy person, all over the counter medication intake and fatty liver diagnosed by ultrasound.
Materials and Methods
It was an observational study of adults (defined as aged C18 years) undergoing voluntary preventive screening or pre-employment health screening through 4 private outpatient clinics in Chennai city (located in South India) headed by physicians with an experience of at least 10 years of clinical practice. The study period was from January to July 2013. All testing were done at laboratories approved by National Accredited Board for Laboratories (NABL), India. Exclusion criteria included: (a) current or past alcoholism of any quantity (b) current or past smoking (c) acute illness during the preceding 2 months of any severity (d) hospitalization during the preceding 12 months (e) non-steroidal anti-inflammatory drugs or over the counter medication use within a month prior to current visit (f) current or past intake of herbal medications (g) any chronic medical illness (h) Body Mass Index (BMI) \18 and C25 kg/m 2 (included normal and overweight participants as per Asian standards) (i) dyslipidemia defined as total cholesterol C200 mg/dl, triglycerides C150 mg/dl or low density lipoprotein C100 mg/dl (j) any grade of fatty liver in ultrasound assessed using either 2-to 4-MHz vector transducer or 2-to 5-MHz convex transducer (k) abnormal blood counts (Hb% \ 12 g/dl, total count \4000 per mm 3 or more than 11,000 mm 3 , platelet count \1.5 lakhs or more than 4 lakhs per mm 3 ) (l) serum creatinine [ 1 mg/ dl m) abnormal thyroid function tests (n) Total Bilirubin [1.1 mg/dl (o) albumin \3.5 g/dl p) HbA 1 C [ 5.5 or fasting blood sugar [100 mg/dl (p) Positive HBsAg, anti-HCV or HIV test. We included overweight (BMI-23 to 24.9 kg/m 2 ) patients without ultrasound features of fatty liver so that the study inclusion is not too narrow and prevent application in clinical practice. Figure 1 shows outline of study methods.
The health screening method included a clinical evaluation by a physician, which included questioning regarding alcohol intake, smoking, recent and past medical illness, intake of over the counter medications, synthetic food supplements and herbal preparations. This was followed by evaluation with a battery of laboratory test which included complete blood count, fasting blood sugar, lipid profile, serum creatinine, electrolytes, liver function test, thyroid function test, electrocardiogram, chest x-ray and ultrasound abdomen.
Hematological tests were done using Sysmex XN 3120 7 Part cell Counter (Kobe, Japan). Serum Biochemistry and endocrinology tests were done using COBOS c 6000 integrated analyzer (blood sugar-hexokinase, creatinineJaffe's kinetic, electrolytes-ion specific electrodes, UVphosphomolybdate, Lipids-enzymatic calorimetry, bilirubin-colorimetric endpoint diazo, AST and ALT-Kinetic, alkaline phosphatase-kinetic, thyroid stimulating hormone-CLIA and FT4-CLIA). Serum hepatitis B surface antigen (HBsAg) was tested using radio-immunoassay (Abbott Laboratories, USA) whereas antibody to hepatitis C virus (anti-HCV) and HIV was measured with enzyme immunoassay (Abbott Laboratories, USA). The study protocol was approved by the community research network ethics committee.
Statistical Methods
Variables were expressed as number (%) or mean ± SD. Difference between liver function variables between men and women as well, differences within same gender across different age groups were analysed using a paired 't' test. A p value of \0.05 was considered as statistically significant. 50th, 75th, 90th, 95th, 97.5th percentile of ALT was calculated by standard methods. Analysis was done with SPSS version 21.0
Results
A total of 2600 subjects were screened during the study period. 2256 were excluded due to presence of one or more exclusion criteria. 1210 had at least two exclusion criteria. Distribution of exclusion criteria were alcoholism (n = 582), smoking (n = 436), recent acute illness (n = 340), hospitalization within a year (n = 128), medication intake (n = 620), elevated blood sugar (n = 310) chronic medical illness (n = 196), elevated BMI (n = 510), dyslipidemia (n = 462), hematological or thyroid abnormality (n = 121), HBsAg positivity (n = 18), Anti-HCV positivity (n = 3) and HIV (n = 2). After exclusion, 344 subjects satisfied the inclusion criteria and were included for analysis.
The mean age of the study participants was 35 years in men and 34.83 years in women, with a mean BMI of 22.2 kg/m 2 in men and 21.8 kg/m 2 in women. The mean ALT levels (IU/L) in men and women were 21.87 ± 2.9 and 19.35 ± 3.3 respectively ( Table 1 ). The 50th, 75th, 95th and 97.5th percentile for ALT among men was 22, 24, 27 and 28 IU/L, while for women it was 21, 22, 23 and 24 IU/L. The study observed a statistically significant difference (p \ 0.001) between ALT levels among men (mean 21.87 ± 2.9 IU/L) and women (mean 19.35 ± 3.3 IU/L). Comparison of ALT levels between different age groups among men (Table 2) 
Discussion
The mean ALT level observed in the present study for men (21.8 ± 2.9 IU/L) and women (19.3 ± 3.3 IU/L) is consistent with levels suggested by earlier Asian (non-Indian) studies [5, 6] . Of the 12 studies done on the topic from Asia outside of India, three studies warrant further mention on account of their superior methodology and (or) sample size. A study of 1105 potential liver donors in South Korea observed a mean ALT level of 17.9 ± 6.8 (97.5th percentile-35 IU/L) in men and 13.5 ± 5.2 (97.5th percentile-26 IU/L) in women [5] . The study excluded participants with abnormal liver histology defined as [5 % fatty changes, significant fibrosis or inflammatory cell infiltration [5] .
A national health survey in South Korea with a large sample size (n = 27,913) which excluded history of cirrhosis, dyslipidemia, malignancy, stroke, myocardial infarction, chronic kidney disease, diabetes mellitus, alcohol intake [20 g/day for men and [10 g/day for women and risk for non-alcoholic fatty liver disease observed the ALT in men and women as 18.1 ± 9.2 (95th percentile-34 IU/L) and 13.6 ± 7 (95th percentile-25 IU/L) respectively [6] . It may be observed that the standard deviation in our study population is more narrow compared to other studies indicating that ALT level fall closely around a mean when additional possible reasons for elevated LFT like recent acute illness, intake of all over the counter medication and alcohol intake irrespective of quantity are added to the exclusion criteria. The study involving healthy Chinese Han population (n = 13,637) which excluded fatty liver by ultrasound, intake of hepatotoxic medications or herbs, chronic liver disease, chronic alcohol intake, abnormal other biochemical values, and HBV, HCV or HIV infection showed a ALT level (95th percentile) of 35 IU/L in men and 23 IU/L in women [7] . It may be observed that the upper limit of ALT among men observed in our study (97.5th percentile-28 IU/ L) is lesser than similar observation in men of above mentioned studies which show a value of around 35 IU/L. Whether, the difference is attributable to the exclusion of all alcoholics irrespective of intake volume need further systematic exploration in future studies. Table 3 shows the comparison between Indian studies on upper limit of normal for ALT [8] [9] [10] [11] . Variation in the methods (mean ± SD, median with range, median with inter-quartile range and percentiles) adopted by Indian studies to describe and analyze ALT, makes comparison of ALT in present study with other studies in the region less comprehensive. The 97.5th percentile for ALT observed in our study appears to be the lowest in literature published from India, especially among men. This raises the importance of a design, which excludes even likely causes of transient ALT elevation. Though the study population from western India included individuals with increased BMI clinically as an ALT value above which the probability of abnormality is high. Furthermore, the degree of elevation in ALT (often described as twofold, etc.) is conventionally calculated from this value.
The hormonal differences may be attributed for the higher levels of ALT in men. ALT increases with age until fourth decade only to decrease subsequently [12, 13] . In the present study, mean ALT in men aged 50 years and above was less than the younger subjects while no such age distribution was observed in women. The benefits of lowering upper limit of ALT include (a) early evaluation for liver disease leading to timely treatment and better clinical outcome (b) early detection of drug induced liver injury (c) preventing sub-optimal therapy in chronic hepatic inflammation by targeting a newer lower limit of ALT. However, the disadvantages of lowering upper limit of ALT are (a) over diagnosis leading to unwanted and unnecessary evaluation and treatment (b) increase in patient anxiety (c) rejection of potential blood donors and (d) increase in the use of medical resources.
It has been evident from studies, that individuals with normal ALT by earlier criteria had increased liver-related mortality [14] . Chronic hepatitis B and C patients with persistently normal ALT had significant necro-inflammation or fibrosis ranging from 16 to 37 % [15] [16] [17] . Therefore, it seems reasonable to lower the upper limit of normal for ALT, as it increases the sensitivity of screening of asymptomatic individuals for liver disease.
The limitations of our study include estimation of ALT at a single point of time, which may potentially miss the intra-individual variability and small sample size. The later was a result of robust exclusion criteria. The observations of the present study should be applied only to healthy individuals who satisfy our study methods and exclusion criteria. For individuals who are apparently normal but have risk for asymptomatic pathological elevation of ALT (obesity, dyslipidemia, drug intake, etc.), a balance between watchful monitoring and testing for alternate pathologies may be required.
Conclusion
In conclusion, serum ALT (mean and 97.5th percentile) in healthy south Indian population is much lower than the current threshold. The 97.5th percentile for ALT in men and women were 28 and 24 IU/L. There is a need for further large well-designed prospective studies from different regions within the country using uniform entry criteria to establish reproducibility of the present observation.
